Use of 2-aminopurine fluorescence to examine conformational changes during nucleotide incorporation by DNA polymerase I (Klenow fragment).
We have investigated conformational transitions in the Klenow fragment polymerase reaction by stopped-flow fluorescence using DNA substrates containing the fluorescent reporter 2-aminopurine (2-AP) on the template strand, either at the templating position opposite the incoming nucleotide (designated the 0 position) or 5' to the templating base (the +1 position). By using both deoxy- and dideoxy-terminated primers, we were able to distinguish steps that accompany ternary complex formation from those that occur during nucleotide incorporation. The fluorescence changes revealed two extremely rapid steps that occur early in the pathway for correct nucleotide incorporation. The first, detectable with the 2-AP reporter at the 0 position, occurs within the first few milliseconds and is associated with dNTP binding. This is followed by a rapid step involving relative movement of the +1 base, detectable when the 2-AP reporter is at the +1 position. Finally, when the primer had a 3'-OH, a fluorescence decrease with a rate equal to the rate of nucleotide incorporation was observed with both 0 and +1 position reporters. When the primer was dideoxy-terminated, the only change observed at the rate expected for nucleotide incorporation had a very small amplitude, suggesting that the rate-limiting conformational change does not produce a large fluorescence change, and is therefore unlikely to involve a significant change in the environment of the fluorophore. Fluorescence changes observed during misincorporation were substantially different from those observed during correct nucleotide incorporation, implying that the conformations adopted during correct and incorrect nucleotide incorporation are distinct.